Background: In Mozambique, there is limited data regarding the monitoring of Tuberculosis (TB) treatment results and determinants of adverse outcomes under routine surveillance conditions. The objectives of this study were to evaluate treatment outcomes among TB patients, analyze factors associated with a fatal outcome and determine the proportion of deaths attributable to TB in the district of Manhiça, Southern Mozambique. Methods: This is a retrospective observational study based on TB patients diagnosed in the period 2011-2012. We used three different data sources: a) TB related variables collected by the National TB Control Program in the district of Manhiça for all TB cases starting treatment in the period 2011-2012. b) Population estimates for the district were obtained through the Mozambican National Statistics Institute. c) Deaths and other relevant demographic variables were collected from the Health and Demographic Surveillance System at Manhiça Health Research Center. WHO guidelines were used to define TB cases and treatment outcomes.
Background
Tuberculosis (TB) remains an important public health concern and a leading cause of disease and death worldwide. According to the last global TB report it accounts for 9 million new cases and 1.5 million deaths per year [1] . Most of these deaths occur in Sub-Saharan Africa.
Mozambique is one of the 22 high burden TB countries and, among the countries on that list, ranks third on high HIV co-infection rates with 56 % of TB patients being HIV positive [1] . The HIV epidemic, which has stricken the country deeply, hinders the millennium development goal of halting and beginning to reverse the incidence of TB by 2015 at a country level; a goal now achieved by most countries in the world.
Among the many challenges for TB control in Mozambique, ensuring proper TB diagnosis and treatment as well as implementing the one-stop model for TB and HIV care has been regarded as a national priority [2, 3] . A recent study conducted in Mozambique's second largest city showed that patient and health system delay prior to TB treatment initiation is on average 150 days, which favors adverse outcomes during TB treatment [4] . In 2013, approximately 56,000 deaths were attributable to TB, although precise estimates are not available due the predictably low case detection rate and lack of information on cause of death, especially in people living with HIV [1] . Estimates at the national level speak of a treatment success rate (treatment complete and cured) of 87 % among the general population, which still does not meet the global targets for treatment success, set at 90 % by 2015 [5] . Worryingly, recent data from Manhiça district, in the south of the country, show an alarming mortality rate among adult TB cases co-infected with HIV [6] . The potential threat of increasing multi-drug resistance (MDR) numbers in the country, around 3.5 % among new cases according to the last national survey [7] , could further jeopardize the achievement of the treatment success targets set in the strategic plan 2014-2018 by the National TB Control Program (NTP) [8] .
Very little data are available in the country regarding the monitoring of treatment results and determinants of adverse outcomes under routine surveillance conditions. Knowledge on the burden of deaths attributable to TB among all causes of mortality is needed in order to set public health policy and prioritize interventions. The main objective of this study was to evaluate the treatment outcomes among TB patients and analyze factors associated with a fatal outcome. As a secondary objective, we estimated the proportion of deaths attributable to TB in a very high HIV-and TB-burden area in southern Mozambique.
Methods
This is a retrospective observational study based on routine NTP data from TB patients diagnosed from January 2011 to December 2012 in the district of Manhiça, Southern Mozambique.
Study area
The study was conducted at Manhiça Health Research Center (CISM from its acronym in Portuguese), located in the district of Manhiça, in Maputo province. CISM has a health and demographic surveillance system (HDSS) in the so-called 'study area' , which at the time of this study was following approximately 92,000 individuals (covering around 53 % of the district population) living in 20,000 geo-positioned households. The system monitors important demographic events, such as births, deaths, migration movements and pregnancies, allowing for precise population estimates. An update of the health profile of the study area has been recently published elsewhere [9] .
The prevalence of HIV infection in adults aged 18-47 was 39.9 % in 2010 [10] and the incidence of smearpositive TB among young adults living with HIV was 847 per 100,000 in 2011 [6] . A recent community incidence study in children under 3 revealed a minimum community incidence of 470 per 100,000 for this age group [11] .
Data sources
All TB related variables included in this study are part of the routine information collected by the NTP in the district of Manhiça for TB cases diagnosed in the period 2011-2012. Briefly, the NTP had, at that time, two offices in the district where TB patients could be registered and begin treatment: one at Manhiça's District Hospital (HDM), and the other at the Rural Hospital of Xinavane, the second largest health facility in the district, which is located 53 km North of Manhiça village. The TB surveillance system is mostly passive, with non-systematic case finding strategies limited to TB contacts less than 5 years of age. Fatal outcome (death) is registered when a TB patient dies during TB treatment. Population estimates for the district were obtained based on the last official census (2007) through the Mozambican National Statistics Institute, and the estimated population for 2011 and 2012 using annual data from the HDSS at CISM. Demographic variables (sex, age, deaths, births, migrations) for the entire district were obtained extrapolating data from the HDSS to the entire district. From 2012 onwards, the HDSS recorded the type of death in those households who consented (accident, homicide, suicide, natural causes, disease, etcetera) in all deaths belonging to the study area (the proportion of TB attributable deaths among all deaths was therefore restricted to the year 2012). All data by CISM or NTP, although not freely available, can be accessed upon request.
TB diagnosis, procedures and case definitions
Laboratory diagnosis of TB during 2011 was made on the basis of traditional microscopy using Ziehl-Neelsen staining. Culture was only done at diagnosis in patients previously treated for TB (former WHO Category 2 patients) or new TB cases who were acid-fast bacilli (AFB) smear positive at month 5 of follow up. Most AFB smears were processed in the Biosafety Level III laboratory at CISM, which was subjected to an external quality assurance program. Other samples from the north of the district were processed at the laboratory of the rural hospital of Xinavane. Pulmonary TB patients with confirmed TB are recommended to have sputum test at months 2 and 5 of follow up. WHO guidelines were used to define TB cases and treatment outcomes [12] . TB treatment is offered free of charge at central and peripheral health units. For first line treatment, fixed dose combinations in both the intensive and continuation phase are used in all country facilities. In the district of Manhiça, treatment is given on a weekly basis. A godfather or family relative is advised to oversee patient's treatment. All children routinely receive Bacille Calmette-Guérin (BCG) vaccine at birth, with estimated coverage ranging from 86 to 94 % [13, 14] .
Data management and analysis
Data from the TB registries were entered into a Microsoft Access database (Microsoft Corporation, Redmond, WA, USA). Relevant variables included unique national TB identifier (NIT), age, name, TB diagnosis date, TB treatment initiation date, sex, type of TB (pulmonary or extrapulmonary), category of TB case (new/retreatment), HIV status, antiretroviral therapy (ART), outcome, and date of TB outcome. Data analysis was conducted using Stata, version 13 (Stata Corporation, College Station, TX, USA). TB profile by age and sex is depicted for the year 2011, since during 2012, a study involving active case finding in children under the age of three was being conducted in the area.
Univariate and multivariable logistic regression analyses were conducted to assess the effect of the different variables on our outcome variable "death during TB treatment". All variables that showed at least some evidence of association (different Odds Ratio (OR) for the different categories and a Chi square p-value for statistical significance testing lower than 0.2 in the univariate analysis) were tested in the multivariable analysis. OR and 95 % confidence intervals and p-values were calculated. Pooled p-values were obtained for categorical variables through likelihood ratio tests. Those associations with p value less than 0.05 were regarded as statistically significant.
In order to build survival curves, the database containing TB surveillance data was linked with the Manhiça HDSS database. Common variables to both databases were used (name, age, gender and residence village). We used deterministic and probabilistic record linkage approaches through routines implemented in the Recor-dLinkage package on R 3.1.1 (R Development Core Team, Vienna, Austria). From this exercise, three lists were produced; the first depicted those patients with a perfect match; a second list with probable match and the third for possible match. The "probable" and "possible" match lists required further manual verification on the reason for discrepancy by personnel in the clinical and demographic departments. Kaplan Meier survival curves and log rank tests were then used to compare survival probabilities between different categories of the interest variable.
Results

Baseline characteristics and TB incidence rate
A total of 946 and 1011 TB cases started treatment in the district of Manhiça during 2011 and 2012, respectively. Fifty-six per cent of all cases diagnosed in the period 2011-2012 were male. The mean age at treatment initiation was 36.4 years (SD: 15.7) and 11.5 % were children below 15 years of age. The prevalence of HIV infection among those TB cases was 71.8 %. The proportion of HIV patients on ART at any time during treatment was 41.0 % (20.3 % and 62.2 % in 2011 and 2012 respectively, p <0.001). Eighty-three per cent of the cases had pulmonary TB and 10.1 % were previously treated for TB (Table 1 ). Among previously treated patients, 88.7 % were TB relapses or reinfections, 5.1 % were starting treatment after previous treatment failure and 6.2 % after treatment default. Thirty-three per cent of all TB cases were confirmed by smear microscopy (45.6 % and 2.2 % for pulmonary and extrapulmonary TB respectively).
Incidence rates for TB (including new cases and relapses) in the district of Manhiça were 540 and 571 cases per 100,000 population for 2011 and 2012, respectively. Incidence rates for bacteriologically confirmed TB were 212 and 218 per 100,000 population for 2011 and 2012. The highest incidence was observed among adults, being the highest among males aged 40-44 (2796/100,000) and females aged 30-34 years of age (1185/100,000) ( Fig. 1) . The univariate analysis showed that HIV-infected individuals had an odds of dying during TB treatment 2.3 times higher than among HIV uninfected TB patients. Among HIV positive patients, those who were not on ART were more likely to die during treatment (unadjusted uOR: 1.78 95 % CI 1.31-2.42). The multivariable logistic regression analysis showed that HIV infection (both patients on ART and not on ART, OR 1.83 95 % CI 1.07-3.14 and OR 5.50; 95 % CI: 2.13-5.74 respectively), being male (OR: 1.39; 95 % CI: 1.01-1.91) and lack of laboratory confirmation (OR 1.54; 95 % CI: 1.12-2.13) were associated with dying during the course of TB treatment (p value <0.05) ( Table 1) .
Treatment outcomes
Survival analysis
The total number of TB patients diagnosed in 2011-2012 who were linked to the demographic surveillance system database was 395 (38.1 % of estimated TB cases belonging to the study area). Kaplan-Meier estimates for the probability of surviving 1 year after treatment initiation, by HIV status, type of diagnosis, type of TB and being on ART are presented in Fig. 2 . The cumulative probability of survival 6 months after TB treatment initiation had begun was 0.87 and 1 year after treatment was 0.83. Patients with TB/HIV co-infection were less likely to be alive at the end of first year after treatment initiation compared to TB HIV uninfected patients (survival probability: 0.78 and 0.93 respectively, p value <0.001). Likewise, 76 % of the extrapulmonary TB patients remained alive 1 year after treatment initiation compared to 85 % of pulmonary TB cases (p value <0.022).
Burden of TB associated mortality
During the year 2012, there were an estimated 2120 deaths in the district of Manhiça. Excluding violent deaths (road and household accidents, homicides and suicides), which accounted for 4.7 % of the total deaths, there were 2019 estimated deaths (951 and 1068 among males and females) attributable to disease or natural causes. The contribution of diagnosed TB to the overall death burden of the district for natural reasons was 6.5 % (132/2019) (95 % CI: 5.5-7.6) ( Table 2) , higher for males than for females (7.8 %; 95 % CI: 6.1-9.5 versus 5.4 %; 95 % CI: 4.1-6.8 respectively), although not statistically significant. The age group within which TB was 
Discussion
This study is one of the few operational research studies assessing TB treatment outcomes and mortality burden attributable to TB in Mozambique. We found an extremely high fatality rate among patients on TB treatment (15.1 %), much higher than recent figures from neighboring sub-Saharan African countries [15] [16] [17] . Moreover, the general contribution of TB to the overall causes of mortality in our district is very high (6.5 %), skyrocketing up to one out of every five deaths among young adult females and males in their mid-thirties. Tuberculosis was an important cause of death in both 2011 and 2012, especially among middle age groups. Although the analysis approach does not allow comparison among other diseases, it is very likely that TB ranks among the leading causes of death. In South Africa, during 2013, tuberculosis was the leading cause of death, accounting for 8.8 % of all deaths, and of 9.8 % of all deaths for natural causes [18] . As in South Africa, our study shows that the proportion of deaths due to tuberculosis among all deaths by natural causes was higher for males (7.8 %) compared to females (5.4 %). Due to the difficulty of ascertaining the actual cause of deaths of TB patients, we have defined death due to tuberculosis as a death occurring during TB treatment. This certainly overestimates the true TB attributable deaths among patients on treatment, since dying during TB treatment does not equal dying of TB. However, since our analysis is based on deaths among notified TB cases only and WHO estimated a case detection rate of 34 % in the country during 2012, it is very likely that it underestimated the true TB contribution to the death burden. To accurately ascertain cause of death by TB, the only acceptable method would be the postmortem evaluation of those cases [19, 20] .
The treatment success rate (which includes those cured or who completed treatment) in the district of Manhiça for the period 2011-2012 was 71.2 %, and 76.6 % among those laboratory confirmed TB patients. More than 50 % of the cases who did not achieve treatment success died (defaulting, treatment failure and transfer out cases account for the other cases). These results are far below the 87 % treatment success target set by the Stop TB partnership for the year 2015 and even further away from the new target (90 %) of the Global Plan to Stop TB 2011-2015 [5] . Although at a country level Mozambique reported treatment success rates of 87 % among new cases [1] for the year 2013 (no data are available for 2012), the lower figures obtained in the district of Manhiça might have different explanations. HIV prevalence among TB cases in the district of Manhiça has been reported to be higher than national level estimates [6] . Our study and the literature repeatedly report a higher proportion of poorer outcomes among HIV-infected individuals [15, [21] [22] [23] [24] . Among HIV patients, the proportion of patients on ART (at any time during treatment) was very low (41.0 %). This contributes to the overall poor outcomes [17, 25] . The reason behind better treatment outcomes in 2012 than 2011 is driven primarily by a higher proportion of patients on ART (the Those TB cases who were not laboratory confirmed with smear microscopy had a higher odds of dying during treatment than those who were just clinically diagnosed ( Table 1 and Fig. 2b ). This might have two different explanations. Some may have been misdiagnosed with TB, thus antituberculous therapy was useless and could have delayed or prevented access to the correct treatment for their condition. Another explanation would be that HIV positive individuals have higher immunosuppression (lower CD4 counts) and are often paucibacillary, thus less likely to have a positive smear. This may have led to diagnostic delays, contributing to the poorer outcomes [26] .
Although several studies have shown that re-treatment cases are more likely to have a poor outcome [26] , mostly as a consequence of higher rates of defaulting and higher MDR rates, we could not show this association in our study. A potential explanation for this is that information on previous TB treatment might have not been properly recorded (patients' recall bias or lack of adequate history taking). Only 10 % of patients were classified as retreatment, while, for example, in Cape Town, South Africa, retreatment cases consistently account for 30 % of notified TB cases [27, 28] .
Although TB/HIV patients not on antiretroviral treatment were significantly more likely to have a fatal outcome than those taking ART (20.3 % vs 12.5 %, p < 0.001), we expected to find a greater difference [29] . Kaplan Meier survival analysis, although conducted on a smaller sample, did not show statistical differences between both groups. Besides the small numbers, this might be due to the fact that patients who received ART were also those at highest risk of dying (because they had low CD4 counts or other opportunistic infections). An alternative explanation could be the poor reporting on ART status before February 2012, when the HIV/TB one-stop model was implemented in the district (HIV treatment during TB treatment being provided and monitored by the NTP officers). In fact the proportion of HIV infected TB patients on ART increased sharply from 2011 to 2012 (20 % to 62 % respectively). Thus, some patients might have started HIV treatment during TB treatment also in 2011, but this information may have been poorly or not registered on the TB registry books. In fact, a recent study in Manica Province (Central Mozambique), reported that only 73 % of data on ART use in the TB registry were correct [30] .
This study had several limitations. The linking of the NTP registry book with the HDSS dataset could only be done to a subset of patients belonging to the study area, limiting the sample size for the survival analysis. The reasons for this are the different names used by patients, handwriting errors on the matching variables and the impossibility of verification on those without a perfect matching. That said, we believe there are no sources of selection bias in the sample used for this analysis. Second, we could not assess the impact of other important variables/comorbidities on mortality, such us malnutrition, diabetes, occupation or immunosuppression (CD4 counts), which would provide further characterization of TB mortality factors. Third, the aforementioned potential misreporting of use of ARTs or TB type (new case or retreatment) calls for cautious interpretation of the magnitude of association of mortality and these two variables. Fourth, during the study period, culture was not routinely performed, thus some false positive smear results, due to non tuberculous mycobacteria (NTMs) could have occurred. However, this might have had limited impact on treatment outcomes, since the proportion of NTMs among positive smears from adult population is below 2 % (unpublished data). Lastly, due to the lack of reliable information on dates of death and defaulting and very few deaths on the subsample that could be linked to HDSS, Cox regression, a preferred analysis strategy for analysis factors associated to mortality, was not performed.
Conclusions
This study contributes to the limited surveillance-based analyses on TB programmatic indicators at district level in a high TB/HIV burden country. Our results show that fatal outcomes among TB cases starting treatment are very high. There is a need for improving the proportion of TB/HIV cases being linked to HIV care. The study also showed a high contribution of TB to the overall causes of mortality suggesting that TB remains one of the major public health problems in the country. These results call for renewed action in order to improve management and thus treatment outcomes of TB patients. 
